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jlCTHODSFORVAGUS NERVE STIMULATION 



p^. invcmion is use!,., for conuolUng he«t «>«« 



beating heart. 



IS 



20 



...o. — -tr« -r. 

TolLtri^rvl has been reccn. in pcH^»B 

irsurgcy wi.ho». c.U.cr c.n..opu.mon.ry bypass or 
rZSiri i o7*e disu. an»».oses is a pnn,., concn, amons 
canJjoplcgia, Thcquamyoi ^^^^ cofonarv artery bypass grafi 

r ™t« 89» while tradilioBil CABG on CPB M» » wpo™" 
p^g «nee r™m 3.8 - 8.9*. wmie ^ ^^^^ ,^ 



-3- 



pCT/US0«n72U 



f A,„ir« Although these icchniquet improve 
«abiH»ti»n by . van«y of *v,ccs. j^'^^^'J, „f ,,«uve asyswle 

ope™.ive condilions ihey app«.x.n.ale iht advan. g 
,h« can be achieved with CPB«ndcanbopk«.»- 

S brief intervals of cardiac <,u.escence '"J*" /^,^^,^„,,y bypass 
^a.icsm«.u» While avoid.n.«««*'»^ ^„ ^^^^ 
and cardioplegia. CIA would .hus prov.de the surgeo 
advamage^nvise gained only by full J^^^^ ^nerwise 

^Kni^ue improves *c pn.i.ion ..nc inc^s.ng 

,0 be peKor^ed on a be«ing heart and m.y«*« J ,«„rpora.ed by 

ease of operation. « descHbed m appUcauon WOSWV^ 
„fen:nce he«i« n. '-^'^^^^ ^^^^ ^„ater.l (or bilateral) 

_ :rr:-o:;- --Tersia^r:^:::^ 

, impu.ses,ndpH.rm.co,ogic..«^res«^^^^^ 

has previously been " ^^lennittent Asystole is possible 

„fe««e in its end«ly. that elecuve "^^"^'^"^ ,,„,^ inhibitor, 
byvagusncrvesdntulauon-----'^^^^^ 

a beta-adrenergic receptor '"""'^"'^"'^ „ i«.g„„d system ««. 

„ combinaUons .hc,«,f. What is "''-"^ ^""■"" ^^rve.o induce 
app»a.us that will P«-i-c optimal elecmcal pulses to U«v^ 

:^ac arrest. ^ »».e.mi..em c«diac '^--^Ht^"^' - ««- 
duraUon to allow p«:ci.e perfonn««e of what are also 

adversely inten^pted by escape^Ut.--^^^^^^ 
25 required arc clcciroslimulatton devices in» 

fetative to a vagus nerve 

optimal posiUon of an elect™de or senes of 

.oindu««,s.ole. f""''" •"•""'ToT^Tr^ and u. administer . 

electric pu.se to the nerve, cither d.n=c ly <^ ^^ ^ 
pharn.«euticricompo«.ion.opo,enu-.h ™n^-^ ^ 
,» L he:.rt rate, and prolong the period of asystole, mere y 

The orescnl mvcntion introduces apparaws, m 
Thcprescm «.rf«,nyid wilh case and precision. 

UiatwiUallowtheCIAtechmqueiobcpeifomiedwiihea 
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Any discussion of documents, acts, materials, devices, articles or the l.ke 
which has been included in the present specification is solely for the purpose of 
p,,,vidingacon.e,. for the present invention. Itis no. to be taken as MtadiTttsstontha. 

any or all of these matters form pan of the prior art base or were common general 
knowledge in the field relevant to the present invention as it existed before the pnonty 
date of each claim of this application. 

Summary of the Invention , , ,. 

In a fi... aspect, me present invention provides a catheter devce for del.venng 
an electric pulse to . nerve, comprising a distal region and a proximal region^^td 
distal region having a plurality of electrically independent expandable electrode and 
an electrode expanding means, said proximal region having an eleCncal comH*tmg 
means applying an electric pulse to the expandable electrodes. 

to a second aspect. Uie present invention provides an endotmcheal tube 
electrode device comprising an endotracheal tube having an innauble means of 
expanding an electrode, and a plurality of electrically independent electrodes hereon 
so that each electrode contacts the tracheal wall when the means of expanding an 
electrode is inflated, and wherein the electrodes have means for connecuon lo an 
electrical pulsing means. , ^ j 

m a third aspect, the present invention provides an endotmched tube electrode 
device comprising an endotracheal tube having a plurality of electrically independent 
electrodes thereon. «, that each electrode contacts the tracheal wall when expanded, 
and wherein the electrodes have mean, for connection to «. electrical pulsmgmeans^ 

m a fourth aspect, the present invention provides an nasogastric tube electrode 
device comprising a nasogastric tube having a plurality of electrically independent 
exp«HtaWe electtode the,«H.. so that each electrode contacts a pharyngeal, 
esophageal, or gastric inner surface when the electrodes are expanded, and wherem 
Uie electrodes have means for connection to an electrical pulsmg means. 

In a fifth aspect, the present invention provides a nasogastric tube electrode 
comprising a nasogastric tube having «. inflatable means of expanding a plurahty of 
electrically independent expandable electrodes attached to «. mfl«able collar » that 
when Ibe collar is inflated, the electrodes contact an inner surface of an esophagus, 
and a means of supplying an electric pulse to the electrodes. 

nwoughout this specification the word "comprise", or vanauons such as 
-comprises- or "comprising-, will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps. b« not the exdus.on 
of any other element, integer or step, or gnup of elements, imegeis or steps. 
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The present invention solves the problems described above by 
providing a convenient apparatus for the application of an electrical pulse to the 
vagus nerve so as to arrest the heart beat in preparation for diagnostic or 

S therapeutic medical or surgical procedures such as cardt&c surgery. The 
apparatus directs an electrical pulse of optimized intensity and duration at a 
selected position along the nerve, and thereby induces cardiac quiescence. 
Spontaneous escape from asystole is prevented pharmacologically. The present 
invention, therefore, provides the apparatus and methods for the cardiac surgeon 

10 to induce a stale of ConuoUcd Intermittent Asystole (CIA), thereby greatly 
easing bypass surgery, significantly improving surgical quality and patient 
outcome. 

The apparatus of the present invention allows the determination of 
the optimum location for an electrode to apply an electric stimulus to the vagus 
15 nerve. The apparatus correlates the response of the heart to the electrical pulse 
and modifies the stimulus to achieve suppression of the heart beat and then 
administers an optimized electric pulse to the vagus nerve. Both for safety and to 
deliberately terminate asystole once the surgical procedure in the heart is 
completed, the app^ams includes a cardiac pacer to stimulate the heart to escape 
20 asystole when this is desired. 

The apparatus includes a multi-channe] output means with at least 
one electrode linked to an electric pulse generator, and which will direct the 
electric pulse to the vagus nerve with efficiency and with minimal damage to the 
neural tissue. The electrodes are adjustable as to where they may be placed 
25 relative to the vagus nerve and offer various degrees of invasiveness. The 
electrodes of the present invention offer adaptability to the needs of the surgeon, 
variations In patient anatomy or physiology and the lequirements of Ute cardiac 
surgical procedures being emploved. 

Accordingly, a preferred aim of the present invention is to provide an 
^ apparatus that will permit the surgeon to apply a selected electric pulse stimulus to the 
vagus nerve so that asystole will be induced. 

It is a ftiither preferred aim of the present invention to provide an apparatus 
that optimizes the electrical stimulus to the vagus nerve. 

It is yet a further preferred aim of the present inventing to provide electrodes 
^5 for the direct or indirect application of an electrical stimulus to the [ 
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vagus nerve that mtnimiz«. damage to tissue while altowtng the surgeon to 

determine the optima) location for the electrode. 

Yet another prcfcired aim of the present invention is to provide methods 

for the administering of an electrical sumulus to the vagus nerve ana a 
5 phannaceuUcal composition that will result in Controlled Intenpittent Asystole. 

An advantage of the present invention is that it offers the surgeon 

an apparatus that integrates the means to electrically stimulate the vagus nerve 

with the means to determine whether the heart beat is suppressed and will 

automatically deteraune the optimum stimulation to the nerve. 
10 Another advantage of the present invention is die induction of a 

readily regulated and reliable state of asystole, greatly easing caidiac surgical 

procedures and comfort to the patient 

These and other features and advantages of the invention 

and prefeired embodiments of the present invention will become apparent from 
15 the detailed description that follows. 
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Brief Descriptioii of the Drawings 

Figure I is a schematic anangeawnt of the vagus nerve stimulator. All of 
the components of the stimulator are shown as separate entities although it is 
envisaged that the intcrrogatw. logic ciicuitiy, the pulse generator, the cardiac 
monitor and the cardiac pacer could be tncoiporatcd and integrated electrically 
and electrooically as a single unh m any combination. 

Figure 2A shows a longitudinal section through an embodiment of the 
25 catheter wire or basket electrode device. Figure 2B shows a transverse sectton 
throu^ the catheter device at the plane A-A' of Figure 2A. 

Figure 3 shows embodiments of catheter wire or basket electrode devices. 
Figure 3A shows a wire electrode. Figure 3B shows a wire electrode with 
arouate ribs. Figure 3C shows a wire or basket electrode with ciicurofercntially 
30 arranged electrodes disposed on longitudinal non-conductive ribs. Figure 3D 
shows a helical wire electrode. Figure 3E shows a wire electrode wherein the 
expansion means is shape memory. 

Figure 4 shows embodiments of the inflateble baUoon electrode device. 
Figure 4A shows a balloon electrode with longitudinal electrodes. Figure 4B 
shows a balloon electrode with circumfcrcntially auanged electrodes. Figure AC 
shows a balloon electrode with a helical clecuodc. Figure 4D shows a baUoon 
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ctectrode with a longiiudinal electrode disposed on a longitudinal raised ridge. 
Figure 4E shows a transverse section through the einbodimeni of Figure 4D at ihc 
plane B-B'. Figure 4F shows a balloon electrode with longitudinal electrodes not 
fixed to the surface of the balloon and united by a wire yoke. 

Figures 5A and B show longitudinal sections through a catheter umbrella 
electrode device. 

Figures 6A-D show citibodiinents of the clip electrode device. 

Figure 7A shows a wire mesh neural electrode. Figure 7B shows cuff 
oeural electrode coaforming to the shape of the nerve. Figure 7C shows a 
transverse section through the cuff clecuode at plane C-C*. Figure 7D shows a 
cuff neural electrode with two separate eleclrodcjs. 

Figure 8A shows a pad embodiment of cutaneous electrode anay. Figure 
88 shows a pad electrode with traversing hole to surround the neck. Figure 8C 
shows an electrode with traversing bole to surround the neck. Figure 8D shows a 
cutaneous electrode in a neckUce configuration. Figure BE shows a cutaneous 
electrode in a turtleneck configuration. 

Figure 9A shows a tube balloon electrode device for inscition into the 
tzachea or esophagus. Figure 9B shows a tube umbrelU clcctipdc device. Figure 
9C shows an alternate electrode device of the present invention. 



Detailed Description and Preferred Embodiments 

The present invention provides devices and methods for achieving 

25 Conuolled Iniermittenl Asystole by means of vagus nerve stimulation. While the 
purpose of the devices is for achieving Controlled Inteimiltcnt Asystole status by 
means of vogus nerve stimulation, the devices are not limited thereto, and H will 
be iccogoircd that various embodiments of the invention con be used to facilitate 
other medical or surgical procedures. 

30 The present invention provides apparatus for the regulated 

electrostimulation of the vagus nerve to induce a slate of asystole. The 
embodiments of the vagal nerve stimulator apparatus also include electrodes, 
catheters and electrode catheters suitable for applying a selected electrical pulse 
to the vagus nerve for the purpose of controlling cardiac rhythm. The apparatus 

35 include a pulse generator, a cardiac pacer and a cardiac monitoring means. The 
apparatus further comprises interrogative electronic circuitry and computer 
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ceadable software intended that wiU aiiow ihc apparatus 10 detcnnine the opt»n» 
position of an clecrrode for the delivery of an effective amount of neural 
elecirostiinulation to ancst the beaiing heart. The appamius of the present 
invention also includes a canliac stimulator and coni«.I d«»latory and switches 

to revive the heart. - ^ • r 

The present invemion also provides nwhods for the .nducl.on of 
Conuolled Imen^uer. Asystole (CIA) by ™ans of d.e c<^«lmini««tion of » 
effeclive amoum of a ph.rmaceui.cal composition comprising an 
,cetylcbOli««««se inhibitor, a bcta-adrenergtc blocker and a calcun. channel 
blocfcer and the electrosamulaiory impulse that will arrest canfiac activity. 

The term "electmde" is lued herein 10 mean any conductor used to 
establish electrical contact with an area of a human. Said «« may be. but i. not 
limited to. the surface of the akin, the interior surface of a Wood vessel, the 
gasttoentdopcal tn«:t. the t«pir«o,y tract, or «.y other internal or extemrt 

surface of die anuomy. 

■n» term "cardiac moniioiing mearK" is used herein to mean any 
device that will measure the frequency or «nplitude of the output of the hearty 
The output parameters include, but «e not limited to. .he eloctrfcal output of the 
hean the pulse strength or its frcucKy, or systolic or diastolic blood pressun:. 
The -cardiac monitoring means" can be. but is not Umited to, an 
e»ec,«««di08r.ph. a sphyngometer. a pulse detector or any other mechanical 
electric or elecnmic device known to one of skill in the «1 that will delect 
cardiac activity and translate said activity measurement to an elecmcal signal 

The term "cardiac piecf is used herein to mean any device thai 
will induce the heart to beat in a tegular or irtermitteot manner. 

The term "electric pulse" is used herein, but is not limited to. a 
unipolar or bipolar pulse, wherein the uniHarp«Ue is between a single electrode 
implanted in. or situated on. a patient, and an electrode electrically connected to 
a» ground and wherein the bipolar H« i* ^' ^ ' °' """^ 

in or on the parient. with no electrode being direcUy grounded. 

The terms "electric pulse generator" and "pulse generator are 
used herein to mean any device or devices that will deliver an electric pulse of 
preselected f,«,uency and amplitude, -me device will include electronic ciicuitnr 
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electncatly linked lo vanablc switch means lo regulate output voUagc. frequency 
and amplitude of the cunent supplied. 

Ttie tcnn •'means of supplying an electric pulse" is used herein to 
mean, but is not limited to an electrically conductive wire, strip or other means 
5 known to one of skill in the art. lhai is ekclricaHy connected al one end to a 
source of electricity and at the other end lo the site of dchvcry of the electricity, 
such as. but not limited lo, an electrode. 

The terms "inicnogator", 'interrogative device" or "interrogative 
ciicuitry" arc used herein to mean any computer or electronic circuitry or device, 
10 including computer readable software, that will receive the signal for a cardiac 
monitoring means and adjust the electric pulse delivered by the pulse generator 
until the cardiac activity is temporarily, substantially or completely eliminated. 
The "intcTTogator" will also include circuitry lo sequentially assign an output 
pulse from the pulse generator lo at IcasI one electrode of a plurality of 
15 elcctn>dcs. The interrogator also includes a logic circuit wherein it may integrate 
the cardiac monitoring means output, the pulse generator and the selected 
electrode. TTie pacer aUo. but not necessarily is electrically linked to the 
intcnogator. The interrogator may be microprocessor based and include software 
to compare the signal from a cardiac monitoring means and regulate die output of 
20 the pulse generator and the cardiac pacer. 

The ICTTO "catheter^ is used herein to mean any tube device thai 
can be introduced into the body of a patient or animal through an orifice or 
incision thereof. The device includes, but is not limited to, an intravascular 
catheter, a tracheal catheter or tube, a nasogasuic or esophageal tube or catheter 
23 or any other tube device that may be introduced into a human or animal. 

The term "manual switch" or "manually operable switch^ is used 
herein to mean any switth device operable by foot, hand, voice, or any other 
means available to the surgeon during the course of surgery and that will override 
or supplement on automatic switch means such as but not limited to dial provides 
30 by the interrogator unit, 

Phnrmnt^^uHcal Comoosifions 

The terms "pharmaccuucal Controlled Intcrmiiicnt Asystole 
composition" or "CIA composition" are used herein to include, but are not 
35 limited to, pharmaccuUcal compositions capable of prolonging a state of cardiac 
asystole. The pharmaceutical compositions comprise an acetylcholinesterase 
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inhibiior selected from, but not limited to, doncpczil hydrochloride, lacnnc 
hydruchloridc. pyridostigmine bromide, neostigmine mcthylsulfaic. edrophonium 
chloride, physosligmine salicylate, a ^-adrencgic. receptor inhibiior selected 
from, but not limited to. sotalol hydrochloride, timolol maleatc, esmolo! 
S hydrochloride, cartcolol hydrochloride, propranolol hydrochloride, beiaxolol 
hydrochloride, pcnbutolol sulfate, metoprolol lanrate, accbuiolol hydrochlonde. 
atenolol, metoprolol succinate, bisoprolol fumarate. and a calcium channel 
blocker selected from, but not limited to. nifedipine, verapamil hydrochloride, 
nicardipine hydrochloride, diltiazem hydrochloride, isradipine. nimodipine. 
10 amiodipinc bcsylaic. fclodipine, nifedipine, nisoldipinc. and bcpridil 
hydrochloride. In a preferred embodiment, the composition comprises an 
acetylcholinesterase inhibitor, a beta-adrenergic receptor inhibiior and a calatmi 
channel blocker. In a more preferred embodimcm of the present invcmion the 
composition comprises between about 0.1 mg^g body weight to about 100 
15 mg/kg body weight of pyridostigmine. 0.01 mgfl^g body weight to about 100 
mg/kg body weight of propanolol hydrochloride and between O.OOl mgOig body 
weight and 1.0 mg/kg body weight of verapamil hydrochloride. Most preferably 
the pharmaceutical composition comprises 500 MB^ig "^^^'^ 
pyridostigmine. 80 ngflcg body weight of propanolol hydrochloride and 50 pgntg 
20 body weight of verapamil hydrochloride. 

The piefcnwJ mediod of administering the CIA composition to 
achieve CIA is as a slow bolus delivered intravenously over a I-lO minute 
period. The CIA composition is given to establish a pharmacological 
background state in which subsequent vagus nerve electrostimulation causes 
23 CIA. The CIA composition may be maintained at effective blood concentratioos 
in a human pattern by slow continuous or intermittent infusion. Repeated bolus 
adminisiration may be necessary in some patients. The effects of the CIA 
composition may be reversed chemically if necessary by intravenous 
admmistration of a drug chosen from, but not limited to. atropine sulfate. 
30 isoproterenol hydrochloride, and epinephrine hydrochloride. 

Abbrevuaions 

The following abbreviations arc used in this description. CIA 
designates Controlled Intermittent Asystole. CABG designates Coronary Aiieiy 
3$ Bypass Grafimg. CPS designates Cardiopulmonary Bypass. OPCAB designates 
Off Pump Coronary Artery Bypass Grafting, or coronary grafting widioui die use 
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Of cardiopulmonaiT bypass, synonymoos with bcuiio* heart bypass surgery. 
MIDCAB designates Minimally Invasive Direct Coron.ry Ariery Bypass 
Grafting, an off-pump grafUng procedure. typicaUy pcrfonncd through a left 
thoracotomy. E-CABG designates Endoscopic Coronary Artery Bypass 
Grafting i.e. CABG performed using endoscopic instruments inserted through 
small intercostal incisions, and in the absence of a sternotomy or formal 
thoracotomy All embodimerrts of the invention may be used with pump-ass,slcd 
or entirely off-pump procedures. 

Conirollcd intcnniticni asystole can be achieved by poienuation of 
vagal induced bradycardia by means of a pharmacological combination. The 
chronotropic effect of vagal nerve stimulauon in the absence of phannacological 
potentiation includes a very bfkf initial pause followed by 'vagal escape" beats 
and transient bradycardia. Vagus nerve stimulation alone does not produce 
controlled asystole. On the otfier hand, incirased acelylchoUne activity resulting 
from acetylcholinesiemsc inhibition, the prevenlion of electromechanical escape 
from asystole by beU- adrenergic receptor and calcium channel blockade, and the 
appUcation of simultaneous vagal stimulation piodoces a marked potenliauon of 
vagal-induced asystole, and a means of achieving Controlled Intermittent 
Asystole (CIA). CIA can. iheieforc, be icproducibly achieved for prolonged 
pcnods. or for multiple shorter sequential intervals selected as appropriate for the 
construction of coronary anastomoses, or other medical or surgical purposes. 

It has unexpectedly been found Uiat stimulation of the nght vagus 
nerve combined v^iih administration of the preferred pharmacological 
composition results in prolonged asystole. While electrical stimulation of the 
light vagus nerve is pwfened. electrostimulation may also be effectively apphed 
lo the left vagMS nerve or to botit nerves simultaneously or sequcmially. The sue 
of nerve stimulation can be. but not necessarily, in die neck. 

The prefeiTcd indirect method and site of stimulation of ihe vagus 
nerve is by means of a percutaneous catficter or electrode probe implanted in the 
internal jugular vein, trachea, esophagus, or a combination thereof. Other 
pmfcmsd locations for vagus nerve stimulation include, but arc not limited to. of 
the right or left vagus nerve or both. The nerve may be stimulated by umpolar 
excitation, wherein the ground elecuode is located at the skin surface, or by 
direct or indirw:t bipolar excitation. An internal jugular vein siimutating electrode 
device can be introduced thtough the sternotomy via the right atrium, the nght 
atrial appendage, the inferior vena cava or the superior vena cava. It can be 
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associated wi.h . now-.hrough cannula, .or .he p«TK.se of .dn,.n«UMu.s nu.d. 
I ,„gs. A sUmu...ing ..ccnnie may a.so b. placed in dir«. comae. w,.h the 

r„pe„^c. .bo«dc P«se„. ioven.ioa co„.n,pU.es .he us. c^^ 

any ^ *e prescn.ly described devices wi* *e mChods for ach.ev.ng conuoU^ 
".elicen. asystole, including ,he use of pham«ce«.ic.. con.pos...ons for 

';::p,«cn. invention con.en.p.a.e.i..U.Un,,bte catheter 
plumlity of elecuodcs. An elecnc pulse can be sen, to a single ejccacde or to « 
, Lt 1 electrodes randomly or non.ra»do«..y selected, e.ther manually^ 
electrically, by an i».e,TOg«or device. The in.enogaior dev.ce w.ll me»ure 
electncaiiy. y electrode or 

cardiac output and deletmine canliac acuviiy , •„ .„„.., 

electrodes used. A plurality of etorodes on an in«.v.«=u>- catheter w.ll allow 
Lsurgecn to de.erm.nc which elecuode or electrode, stitnulate the vagus ncn. 

5 10 achieve maximum suppression of caniiac activity. 

While the optimal number of v^ircs can vary dependtng upon the 

citc^nsunces. four, eight or twelve w..es per baske. P™«<'« ''""""'^^ 
wire is an indepe«de«dec.rode.el«tr.cal.y exposed only on .ts cuter s«v.ce a^ 

.he point whece it malte, conu«. with the wall of the in.en.al ,ug«I.r v«n^ 
» uacJ^. or esophagus, m electnxto may be .elf<.p«.di«g or .ewcable a. a 

groopwhen the device is deployed. Ki„i„ 
The vagus nerve can be stimulated in a umpol.1 or bipolar 

fashion. An array of elecuodes .„ the form of a basltet. ^''«- J 

devit* can be used to stimulate the vagus rervc bcween a chosen eleoo^ nb 
„ .nd.aep.,a.egro«.-.«rbe.wec».wochose„elec.™deribsonthesamcde«ce^ 

™, apj» thTbLet. balloon O, tnnbrella devices, whether w.th stnps of fo.l, 
wires « umbrella tip electrode -cgardlcn C wheU«r the smp » w.. 
clect^des are oiiemed longiu.din.Uy. transverael, or sp-rally. ^J-^^^ 
cxci»t«.n. the ground can be an adhesive pad f.aed to the p.U«« a stan. e..her 
30 ovettoylngthe vagus nerve or placed elsewhere. 

-n^ vagus nerve may be most effectively and eas.ly.nmul«ed 

with a .ingle basket o, balloon or steemble wi« dev«e in the internal jugular 
vein, esophagus or .«chca. Alteraauvely. a bipolar elecric Held may be used 
^at is prefer^.,, but not limited to. betweot .l««odes on indiv^du. devces^. 
„ separa^ anatomical «.»,ur.s. For e,»..plc. a balloon, basket or umbrella 
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chclcr may be in .he jugular vein, .t^^c «,ot>-^r 

ciinw wi 6 _ H In the case of inlcmipicd stnps. each segment oi 

be conunuous or imcmipicd. In the case oi inicmiii 

The optimum cicctnc field may be Dciwccn 
JO as but not Ihmted .0. ibe inten..! jugular vem. Aliemat.vely. ana P°~s^ 

„po.a va.s nerve. Tbo^scopy ^o^^ or 

nerve U«lf. The picsen. .nvenuon provides ,„ 
directly attached ,0 the vagus nerve wi.h greatly educed "^^^^ ^ 
U.C neLl .i»ue. TOs represenU a significant «ivanugc since "P"'™"^^ 
„ Z clccm* and therefor «>pea.ed clan,ping to the nen-e may be n«.s«y to 
lLnc,hcopUnH».locaUo«fore.ec.nc-inductio„or«,..ol.. 
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j« -ntn a vaaus nsrve can be by a 

,voidindcnUngorcrushmgU,cncura1«sue^ ^^^^^^^^ 

O^vasus nerve. S^"' 7^"^ .VLpe^den, «.in e.cc.nxles. each 
pad *i.h from 1 lo ri»«UOO «'«^'">' J* , ^„u.-chann=l cooncclor 
la.dfro™««oa»n««.e-ec.Hc-.,-^ 

or hub. A single s..«.d decode " ^ „„u.po.ar 

,rin.».«»n. Alternatively, .hey ^ ^ ^^er electrode 

electrode eon,bina,.on,. or .„ roc bipolar 

positioned in the internal jagu.ar ve.n. trachea 

sumulalion. ^ ^ ^ ^sem i-veniion introduce an electrode to a 

UK tnetho* of "«e present w ,.„„ -juHs in a transient 

carfiac quiescence. The cleciroac i« ^^^^ response. 

. ^ .dvanugeous '-^^ ^vice .nay tnnsnn. an 

Altentatively. one or more of the elec,x^« ^„ 
..ectHc pulse to the nerve. ^^^.^Ja to which e.ec.«-es. 
aetern,inelhcp«fer«de.ecm«lch~8 •'•PP^^ ^„i«exing a 

method of the p.«en. * '" ripe of L bean f^n. asystole, 

pha^aceutica. composition «« w.,.sopp^c^^ o ^^^^ 

'Th.s wi« reUcve the surg«« such as the 

bn«=hyca«li. or full beat *«le m "^"J^^a^ery. 
sutuHngof an anastomosis betwee„abypas^^«-^-^«^ ^^^^ 

camples. v,h«:h aienotioBecons untostood *at resort may 

scope .he.«>f. <'»'^"»r' . !^ft^l 
be had to vanous other embodtmen.^ ~ „est7ben«e.ves .o those 
which, after reading the description JV__, 

invention. 

sWled in Ute art without depaning fromthesptntof .1«PX»» 
Vagal Nerve Siimulalor Apparalus. 

11 
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..e^..o, -e.ce ^^^^^^^^^ 

,h! vagus ne,v. "blindly" and au,oma«c.ll>-^ , .„ . 

patient by a con«c.ion " „ , panicuUr d«~dc 

carfia. response «s«hins from •^'"'"f^"^ 30 „ ekctiode pair 31 

,0 ,« electrode pair M «.d th«*y '-»2„^, ^nlnmen. A-systole. Thus. 

are ... n,ost efTectWe 1„ P^^'^J^^ ^fV necessity of physically 

ftc surgeon and anesthes.olog«t can be reUe ^^^^ 

^U.,U«v.susnerve .sw-n^^-"^^^^^^^ .„„„..ic.l.y 

The mulo-channel of ele«i«les«» 

function oflhe.«diacoutpu..espoase. ^^^^ „^aMt electn-Je 

however. Is ^-"-^^ - - " 
combinations, it .s .mport.n. , ^m. therefore, have . 

setetively fonction in a '""'^'j^^J^u. a vagMS nerve stinmlaiion 
topby. a plurality of «un«nc keys «K» Vn* * j^^pendouty access the 

.„d . vagus nerve ^1- e.ec«ode 30 « 

«riou» elecoodes electrically connected to a p.t«.«, s» 

etecode con*in«io«3» -^^""^"^^f ^^^^.on fir-ther compn«s a p»l.e 
The app.«~» «i»ul..or units. Such 

generator 40 such as but^.----22:,..^^^^ 
an dectrostimuUtor .nciudes. but .s»« U~ ^ ^ te.ia,ulatton 

« as.batu^yandregulatcr.ane^ 

ttaer circuit, and apower '""P'''^"^^ „ „„c ofskill i« *e a-^ 

,^ power amptifie-sc^tbechosenftom ^ytoc^^^^ ^ ^ 

The .pp«»«»s »f ** P"""' , ° ,0 .now, the duration of 
^.polar or bipolar ou.puts4.J^P».se.cn^^^^^ 

Uupulse .0 be controlled by a f*"* '*'^''^'^Jc«. n»ge between about 

Jcr manually or J^''triSr- i" the rang, "bou- 

, HZ and about 500 Hz Prefened ^^^^ ^ .0 about 50 

0.1 volt .0 about 100 vote, with amperage of frtim 

"nA. , «,ni invention fimher comprises b cardiac 

The.pp»."»ofdKpresen. nv nu ^ .p..,™. 

pacer device 60 for pacing the hean out of asystole 
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6, in a prefened embodiment lhc»ri.acpa^*0« 

connecng mean. 6« 1" a P«'^ „^ ^-..ud wftwaie » 

dec»i«Uy connect. .0 .he .og.c --^^^ "a. «.rve .U™ul«i<«. 
««. Uisin.eB»«dwi*U,e pulse gene.,» fu^^^^^^^^ ^ ^ 

The vasal nerve „, p,,«„«y availab.. 

, pacemaker, which can have P-"-" ^^^'^ I„.ver the vagai 

U devices. -;r;riri^ ---pace.«.dva... 

peaa. .sse...V .0 ean -j;-:::rr^^^^^^^^^^ > - 

assembly 50 has a nonnal.y opa. ''^^^^„«ei*er.u.cmaUcor 
„ destimuU-ion foot switch that ean be u«d » ^^.^ 
.and-opc^tcds-ttches. TT-' P^-^-J^ 

occur while leaving *. h«.d. free .0 P ^.^^ „ 

•--*'^'^'"'^r^::tL"~j:::irri.eonnec.ed^ 

„ .Pitches »avo,ded. The fo^ pe»^ 

„.,„,,o«.e.ec.Ton.eco^^v^^^ ^^^^^^^^ 

Durmg open chest surgery m required. The 

.^u=h is pressed to selectively initiate - -^^^^ ^ ^T^.. f„, . 

may be 1^^^^^- body «^ 

„ predetcmOnrd time to penmt Wood Bow 8-- 

clcctrostintulated via *e -^^^'J° X - different foot peda. 
continue stitching. ,^,ch wi* intennittem switches 

.^^bUes 50<«~ldb.top,ovAa»nglefoo.sw^^^^^^ 

between stimnlat.on and dest.muU..on '-^^J^^^ ^„ device 

« contenu-lated that automatic stimuUfon by me».s of 

could bep.ovided.aer. preset umepertod^ ^ voice-acuvated 

,„ ye, another °' * , " ,iublc voicc^Uon 

switch can be used that incorporaUs ,,™.,«or on 

software into a verbal control """""^ ^^J^^^^n. such that whenever 
„ andoff. Thisswitche-talsofuncnontn. staved^ ^ ^^^^^^.^ 

the vagus nerve stimulator is nmted on^ ouV- fro™ 
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to new wUcati™ °fl««»«'°8C«*olle<l 

.i«...y apposed Ccc^odc mc«», J^^' ^tla. i-^." vein .nd 
vein so as .0 pr«. up .ga.,.. This ..lows 

force conuct b«we.n an e.«Uode and *e ^^'^^ .„„^, 
, c.««ric «««« and dccric fields .0 pass ^ *«J^^:^, .„ u« 

vein .0 *ev3S-«--^^^^^^^^ 

i„„n,a, iu«»Ur vei. T^ee.^.^ ^raTL^udin,. no. UmHed u.. U« 
catheter device known to one of stall in .!« an positioning 
swan can. catheter, the Up o. wh«h wo»M a.d« P^^ 

on. „ move intravenous •""^.r "c^lccthc. ««ss totheelectnKte means 

,pp„^«e im«veno»s . "J^'^.^.^e p,ug connecu.r. 

c«bep»vid«.vi.».c.u»«aln»^a».^^^^^^ ^^^^^^ 

The intravenous catheters c». ee ^^^^ ^^^^ 

« precise posUioning of «. <^<^ '^.T'^T' the netve and induce 
minintizing the electrical -T^^..-^*^; ^^e to "n-p" the locaUon of 
Compiled intermiucn, Asystole. It » ^ ^ cardiac 

vagus ne-ve by determining the feedback stgnal den 

^ monta in «po«>e '» "^"^'"JZ. in Figu^s 2A and IB. provides 

.„ electrode expanding J^,^'',^. „^ means WO. The 

„ supplying an elecmcal pulse 130 « a multi- 

channel coanecto. means 131. The electric ^ ^ , The shafllOO 

»l3 : =ul- Sheath .or The 
may further comprise a batidle »<» ,oj ^hjch can be 

„ intravascular catheter can be .nserted ^ be a valve on said 

^d«.ap«icni-sskinnear«.es.teo .nseraon. The" 
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she.* .o avoid b.ecdi«e. .nd U« can be ro.a,ab.c h.„ he 

«».ous sheath .02. WbUe no. wishing .o .he .nvc-o. «■ 
p" re»b.e means of supplying » clce«icd p-lse .3« «. .« c.cc«.de 200 

A.*oogh i. U con<emp.a.ed .ha. .he dimensions of fte eM«ndab.e 

-II 1^ u»f^^fn about 1 era and 15 cm, noosi pmciawij 
lengA of U.e eleccrode w.H be between -K«« cm 
between about 2 an and 6 cm. The diameter of the shaft .s prefenmiy 
.bout0.5and5min.mostptcfef«t)lylmm. ^.^n™, 
The preferred IcngU, of the i.u,vascu.ar c«h«er de^d»t 
™on the point of insertion of U» catheter into a human or anm«.l. Wben the 
i::eririnsertedin.he„e*..he.en^cf.he^^^^^^^^^ 

::-^nrrt^:=:sr^^^^^ 

I .„d about 120 cm, most preferably between about 80 cm a^d '^^^^^ 
, ^ «Ll insertion, wherein the e«be.er electrode device .s advanced ftomjhe 
• LJ^.Ilin.X»pe.iocvc„.c,v.o.interna.juguUr^ 

Lgth is between abo„.5cm«««-»«. 25 em. most p«fa.blybe^»ee« about 10 

. shl in rtgnre 2. U se.ectcd .om ^^^^^'^sTrT^T^ 

Apreferredemboaimcn.of.heexpa«.abU:e.«:.,od.means20» 
a„dthee,ecU^ee.par.dingme».s3«,isshow«i«r.^^^ 

c H 1/16 inch In another prcfcfrcd embodiment, the expandable nbs 201 are 
35 and I/)6 inch. In anoinj p .^^^ ^.^^^ 

electricaUy conductive stnps ftom about "icn la a« 
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preferably from abou. 1/64 inch >o IM inch I« ye. """'"-J"';""; 

decttode. dispelled ' P"''"'"' "'n'""'"^"'- 

^ve ll 0. smp is ccmphsed of a p«..in.a, re.ioo 202. a c»».. -cg.^ 
a disu, «gio„ 204. whc«„ 0.. proximal .gion 202 and U.e o«,« 
"In 205 fonnafi,., angle and U„c»u.l«g.o« 203 «H»U.ed«U. region 204 

rrasccoodanglc. ^^^'^^^y^^'^-^^'^T'^^lL 
„d atKm. 180'. Mos. p.cfcn*ly. *c fint and sccord angles arc bcween .boo, 

. '^'^'^ P^„«y. *e Hts 20. a. be.«ee„ . and abo. 48 in number 
«,„p.efe™b.yb«we«.2andabo»..2.nnumb«. ^'^"''"^^^"^ 
«h of .he exp«.ded deettpde 200 is be^».e^ abou, . and ..»u. IS c„.^ 

^ cathetc, before expansion is U,e «a.ne«r of *e <«hc«r shaft 200 «ul « 0.5 
? mm to about $ mm, mosi preferably 1 mm. 

' ,„„„eea.bodimen.of,hepreseminv«,«on.0«cen.«-r.B.on203 
i, eleckaUy exposed, and fte proximal region 202 and disul n=gion 204 are 
^"eX in.^ .0 .bis embodimen.. U.e lengU. of elecriclly exposed 
tZZ^n is b«wccn 0.. c» -x», .0 c». n.os. prefera ly ^een 
« r^and^boutscm. The of applying » ..ccu.ea> p«J«130 

preferably.b»tno.limi,cdu..wi«etec,ric.l.ycoo»ecudto.hee^ 
^. lJwiresl30a«e.«nrical.yindepcndem.foo.««*cr.«rfp^ 
L shaft 100. The wires 130 and are elecBically eonneeted «, . n«U.-ch««.el 
c»nec.ioo 131. as shown » F.gure 2A. The clecrodc cxpand.»g 
„ rp«r«™. cmbod.m.0. is a rod 3.0 capable of sHd.ng 

^ri.ofLsh.ft.00. •n«™d300has.dis«.eod301. Tl»exp«utob.e 
ribalOlateanachediodiedisttlemlJOlofUietodJOO. 

in anod.er embodimen. of me preso* lnv«..ion. shown m F.gurc 

3B. ,he expandable nbs 20, are arcu.,e when expanded. In . prcf«Ted 
„ Ibodimem. a.e lengU. of «. electr,cal.y exposed 

expanded areu«e elecuode is between abou, 0.1 cm a») rf.oul 2.5 cm. Mo« 

fi«ferably.theiiiigeUbeWcenl).5cmand2.0cm. 

' The presen. invenHon i, imended .o include o*er forms of .he 

expandable elecnxle such as. bu. no. limited «.. elecuodes 20* cin=ua.ferent..Ily 
« d^tLially a^und *e ™d ,00. shown in f .^ 3C . bcH« « shown » 

Fi^reSD. ,„ *e ci^mftren." en-H,dimcn. shown «. F.gmc 3C. 
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comection 131. M shown .n Figure 2A. u«: 

c.d««r has been i«.p.».c- » J.„e U,e shafl .00 «..tivc «, 
p™..m..y o(s vagus ner«. f^".^^' se.f-cKpand.og ..ccuode 

L disu. end 301 of .he .od 300. ^« ^ ^.^,„ .50 of the 

„«.„s 200 .ha. were disposed "B""* *^^, «nbe fixed .o .he .ip 
shaft too. In anoAer embodiment *e c.m~e ^.^ embodimen., 

301 ««. .0 U.e dUu. end 1.0 of U,e '»*'^J^", ,oo wU. fo«= U.e 

Lm«Wme«.IOO«.«P«-o--»«^ J^'^;tld .10 of «.e shaf. IC 
.Ken .he rod 300 is extended '^^^^l^Z e.ecUode 200. .o faci.i».e 
hereby reducing .he d,«ne.er of *e ^ ^ ,^,„„. 

c..he.er eleeuode insenion ""»• " ^ 200 and expansion 

Al.e,na.i*e means of deploymen. of *c dec ^^^^ ^ 

:Lf «e con««,p.a.ed by *e ^--.'oHrrot^ ^ 300 so U«. a 
0 he.ica..lec«*m=«»»OS.suchassbov^-F^^^ ^^^^^^ ^.^ 

,„ ,e. another '"^-'''^'Ing^ 3 E. .he expanding .-cans 
c„„.emp..«dbyd.ep.esent -»venu«|. sh^^^^ 

. shape memory imp.a«ed .« *; p„.,e,eced imp>an«i 

eleeUodeM.. ^^'^'^tT'"JZ^nl'»^^""^ 
« in,hecond«cdvema.eHa,of.hee,e«^-^^^^^ 

of in *e art. The shape » 7^'^„,„ ^ „f Fignrc 3E. araute 
elecuod. ineludes. bu, is no. lm..«- «>. " ^„«. be«.« the 

ribs, a heiix or oo-er shape *a w.« ^v..^ e ^^^^^^ 

catheur elecrode 20. •»* sponuneously whe^ 

„ .oa.omi=alsmKt»re.Theelec.rode^.n^^ j;^^,^,^ 

.00 of OK caO^ter --"^[^'^''.uin^er^raCionof said shan 
100 by preserving iw »engin u 

occurs, An electrode expansion means of Ac 

,OC...ece. «a«oon £^«fe^ ..^cuically 
present invention is contemplated xo be an 
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relative .o *e long «» "'^^ „ shape *a. w.U 

p^videdcCrica. ^o"'^^"'*'*^" 'tTl^and would be elcc.rical.y 
Ir.^ vcssc. 0. any o.her -^-'^ ^^e ecuodes descnbcd in (0 
,0 isotated ftom c«h Cher. As ^'"^^J^^J,^^ ^ of U,e caU.e.er. 
.^ve. .he elecuode, 'l^'^'^'^^^;^'^ basKe. an»y. wUh *e 
Wire elecuodes may be used " ^^"''^^ of .he wites ag-ins. *e 
expandable balloon V^^'^''^^^ ^ich *. no. make con«e. 

_.o«or.rrrr.3^^^^^ 

balloon 400 may be compris«.cf.ne«b^cm.^.c^^^^^^^^^^ 

.0 .--°^-P'^'-»:ne::2e"rren.bodi.^^^ .He balloon 400 
function as an expandable h„ui,nns snip imposed thereon or a 

eontprises a flexible tnetal.ic ^^^^'l^'^'^\Zoo. having multiple 

::2«"::=:rco=-^^^^^^^ 

™eans of applyiiW ■» . ^^ty of shapes including, bu. not 

^'^•""r" r^oT^ranhe distTl end of a catheter or 

"^-'-'■-^nretll-.-of^.y.eng.hand.a.^^^^^ 

.at ,.1. establish conuc. b.w,» U^b;^- ^^^^l^, 
,„rtomic.lsm.<«ure. P«ren*ly. «he d»nen«oos of me 
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„o.n.cd on . b.noon. . <l.Uv«y ''"^ ^^^'^ l„by avoiding to... 
fenestrated proxiinally and disUlly to Uie Muo" • 

inveniion 

o^n^t^n of blood How. The ba"~n «P-»» ^jlt;.^^.^- shape 
ofier, *e addiUonal adv««.6C that Uk balloon ™ay to ^ 

t«m.els. or «.y «*« to™. S»ch „.iB«ining cooL»l 

eo„™u.icauon allow unobsU^cKd "'oo^ J* 

, Prefcrably the ndges number JT, u,e balloon incorporates 

„ost preferably be.>.een 2 ».d 6 ,n number. " „f 

Hdecs. and .He 

elecuodes are disposed oo s..d ndges. While pr j, eo,„ 1 to S. 

rron. . to abon, .0 ciecuodes on a hdg. *c ^^^'^^IZ^^ on 
, Tl.em.«».oiofl«e.balloonn»ybcva,b».«^«^^^2 ^ 

.he cx^rior surface of said Cheter "^'^^"^^^ *e 
introduce a gas or liquid to inOate «.e bdloon once ^ 
.„oo„e.ec..o.a.ao.^»^.^^^^ 

„ tbec.U.e.erc;:c.rodede.ce..hed..cecon^.--^ 

end of the cattiewr slun luw. ...-h^Uv connected to electnc piUse 

electtodes figure 4C. *c 

.pp,yi„g .cans 207. ^« r:^r;k^^rb Uoon'^00 and 
,0 elecU0de208isheUcal.yan««e-co,-««y'»»he»*«'>^^^ ,^ 

n^„.oJLc:lsee.ionngu,e.E, the balloon .«li«^^ 
iHb....wi*an.M.andab.e,.ctrod.a^-^^^ 

,s the expa^ied baltaoo is "^"f. p olity o «ised ribs with 

con.erapl.tes tta. the inflatable balloon may have a pl»n"«y 
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A AhtL rnav bc. bui noi limiic*! lo, 

tothcelejctiodeslOl. orcscnt invention provides a 

^brcUa clecrodc means compm» ^» j^O "n a spoke 

^ e^lc elecuode means, wbemn each c ^ 

dec-odc too. ».d whe«.n ^^,'^'^'°Z>^ eol of said spokes 
«00 »a, be. b». .0. necs»i.y. * '^.^trtX conducive o, «on- 

«0., The spokes 601 a« ^^"'"f' "'"^''! ^,lkes 601 ind«de.b». 
3, »na«c.ve™a^.^w---^^^^^ 

« not limited to. wu«. ot any oth« ^ 

U,e «t. Who. elecHcally conduc..ve. ,hc J"" ~ „.«ri.l. 
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4 «a *out 24 _ ^^j,^ a.,ice. d,own 

One embodiment onuecau. . disposed *ere.n 

. SA. has a sHa. ,.0 --i";^ L 30rw.. ooc. . 

.„4„„mb,en,c.ccr«le means. ^'-J "J '^^^ ^ The spokes 601 

coo^cud u. u,e p'«'-*«^°^'«'-i*r;2r.L^^ 

ooanecUngmean. ^"--"'^'^T'.n^jMt. one 
joined to *e sUdeablc collar 603 and .o a spoke 6 
„ cached to each spoke 60J ^^..^ umbrella eleetiode device. 

In another erobodimcni of me catD „ fce ptatality 

. =- UBthesUdeablecoHat603 ispivot.llyattachedtoOKPi J- 
shown in Ftgure SB. *e , to the distal end 501 of 

of spokes 6.1. "^^'^ft ,00 n»y be positioned so that 

U,e ™d 300 a.«l to the spokes 601. ,„ embodiment. 

,„ ov«U.ys «.e wires or strips « ^";»^»^,,^ ..ectric H« «». 
unking wires 604 can compn«tbe^rf«'^^^^^ 

By trtractuig the 'l'"'"'""';^* ^ ^ngitudinal .x.s of the 
«.ia«ydi.posedspokes6«.a^po...^^^^^ 

^ 300. 605 -.ached « collar 603 ..Wive to the tod 
„ sHdeable collar 6a 

- By.««ctin,,hetcd3.0^«^-™^^^^^^^^^^^ 
^,nbecon,esapro,.nvcsh«*.»^^^ st^cn^e without the 

be implaatcd in a blood vessel or o ,,,^^rin,f saidstmctarr. 
„ elcC.«^e,600pene.«U„«oro*cj^^^^^^^ 

When the surgeon has tmplan ^ ^^^^^ ^ 

" :T!ftheb.oodvesaeloro.her.n.to.m-.s.-«-- 
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co«uc wi* the cxtenot ^^^^ ,„ough .Uh« a neck 

«„.«o be approached '"^'^ *;rn„M,ngcal nerve. Th.canbe 
rieh. innonMnate anery .0 avoid "f^' l^^j „f . r„™.l aemoromy or 

TOck incision- electrode means, shown m 

The p«en. .nven.»n P«""^ J „uh a neore. 

Figures 6A.6C. for direc.y con.»u.ng ^„ p^,,,^,, second «^ a 

LUs a - *'--':,~;::::^rr:c.ive:c..^ . 

pivot means 701 «. a "^'^^TT^ clecuode 703. CeCricaUy co«ne«ed 
LnfronUns yaws. In one -'"-'"^ 70^"^ c'*-*' 

. wi*in*econfronu„8jaw«®~. ^ „„m. « a nerve by *e 

The presenl .nvenfon «*« ^al cushion, the 

e,.c..t>de,bdngeon,p.essi«ec.ectnca„y^c^ 

,i»«.. shown in Hgu« ^^ J^ ^ . groov. 70S. 

.tetrode, a. one elecmcaUyn^uc 

„ .hown.nF.g«es6B-nd6C.whe.«^«»e-v ^^^^ 

I„dlen*odi.ne««o«*«P«»*"''|;^^ ^.^^^^ „4 a 

b„, i. m>l limited to. a "^'^^ '"I"" ' ^ cushions the nerve ussue. a 
compre^hle electricany cond»cu«^«-«-^^^^^ 
.i«..s«ip.aw..emeshorw..ewool.C.«y^ ^^^^„,^,„ent. 
th^winootinduccphysicaltraumato^h^^^ l„ 3,, 

opposing grooves «c in --^^j'^ ...ctHc pu.se 7.4 

embodiments, .he preferred '"^'^'^J^'^. c«,ncc.or706. 
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^ean, of supplying .n e.cc.nc puUe. '^^^^^^^'l.^^-X 
- *e nerve ^wcc^ - — H":!. -n PiS-re 6C. or on o« 

,„ one embodiment. «,e cuff d.v.ccs.n«*.c^^ „^ in F.gure 7A. In 
capabte of confomning .o *e surface o »e • ^ ^„ 

.„o.herembodimen..mecurf devce .s ' '^V^^^. *e el«:ao* h« 

p.«iM.yarco™p.e«.ye«velopa.er« n^-»~^^ 

smictufes. f,K.^Mff device, as shown in Figures 7B 

,„d 7C. the cuff dev.ce h» » gos and . n«»s of W'y*»8 »» 

.,e e,ec.«K.e 805 is . J^:. ^ . c.ec.™dc 806 and . 

^ as shown in Figure 7D. declrically isolated from each 

applying in electric pulse »J- 

^. The meaentinvcntioo provides electrode arrays 

Transdermal Array Etedrcde. Tne p« ^ . ^ p.^. 

supported by a --'-^'Tr ST^^.t^.^- »>^" " 
-n«padcanbe«lhes,vea»da«b*Wl^ .^^^^^ 

»„y of decodes is in elecncal -7'\*^;^^„g conducive gel. 
JLcUvity between the electrodes atK. d^ «Mn.«v 8 

::.:rar:rre::^--wes«ppo«^y--e.v.cro^p 
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The ,nmscu«ncous ''"^'^.^JL i„p,»,«l in the patient 

individual decode of the ""y. ^tric pulse is appUed to the 

electrode is ^-"'''-■^^"Xtm^ofrJye--- 

to the vgus oerve — " ^^J^" „f ,.ec.„des to .chleve 

,,„cin » selectively <>««--;^'''::^, ^^f^^ly d,e vagus «e,ve. The 
^i„u™sUn,ol«ionof.he«rg«n^jn- P^ ^ ,„ 

.5 presen. inve„..on also provides J^T.'^ ^ .^in .o a "CVC. The 
Figu.es 8/V-C for delivehcg an ^'"'^T^^niuctive support 90. 

.^'vice =-rT„:;^r„^d..ec.«-c..«. ate elcet-cally 
h.vi«g.plu.-iV0fe>ec.««l«'»'^*^ „^ u, . n««« of 

isolated from .«h other^ B^*. ele^^c^^^ ^ ,0Z Is . 
, supplying .» electnc p^OJ. „ . muU^- 

plurality of wires are '^^JTZ^^^i.c support 900 n»y be. but 
connecter «3. TVrf.c«»^»^ ^^^^„,3,,,^„,aodn.y be 

U not limited to. a sheet. . pri. » oblong. bro«I stHp. areolar 
^ geon«.Hc fottn as. but not only. • ^f*^ 

2i « ovoid disc. „ jhown in Fig»« "'^ 

electrically «»«onduc.ive ,o. is conneeted U. . 

.„ exposed on one f-^-^ wKercn said n^^ ^"^'^^ 

^eans of supplymg an ' „ oieif poximal ends to a mult.- 

30 .hep.ur..i.yof---'*««^'7,^^Jl«,ii.f*^ 

eo»^r ""^^ flying «. electric pulse 802. 

device of the present .nvenuon. -"^jf^^f/^.e ^4. In yet -.other 
sho^n in rtgur. SB is a ^"^:;:,rJ„nicaHon m eo»-cts the 
embodiment, as in F.gwe 8C. a means .^^^^^ „,„^onduC..»e 

„ tr.vers.ns bole 904 «t.K OUt«e^l^'»^;J,,,,„,,„^^^ 
suppon 900. This connectuig means mayo . 
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M« >»d traversing hole 904 are intended 
. channel. The communication m.»s »«5 
„.now easy placemen, of an electrode o«apaue„fs««. 

.„ another preferred -'"'''^^J^,^;". _f^.„Uo„ »d 
.,e..,K.i.y non^tive suppon 900 « - J ""^^^'^ ,„ ^^^^ 

embodiment, as shown in Ftgur. «^ .„,^acs arc exposed on 

is in a .un.cnccW-.iVe o^H^»^ *. jm^of ^^^^^^ ^ 

one face thereof. Each e'^--^ .^plurality of wires « 
pu.se 9.^ wherein saidtncans*!--^^^ 

.0. VCcro. sttaps or h«c«es. 7^^,;- J, provides that an 

,5 secured .o a h«m«, or ^'T^ ^i„cnts shown in Figs 8A- 

intlatable collar c». be posmoned on »chof.he«n ^ 

8E. that will ."«.« ^ no«.conduo«v. s-ppo^ •» se«» 

.„ .1. «*,di»en.. Of Ute TransdermaU^. «c««-^ 
„ anticipateathatU^wl^Jor^e^^-^- ^ 

,bou. l.Scmanddxmt •<> P^"**" . ,00 will be between 

U.n..c.pated.ha.the.en^hof.Hen^--^«^^^^ 

^^^^'•'2:^'Z'1Z^^ anay elec^* i» -a..e 
A«>,beremb«j.nKt«of *c~ ^^^^^ ^bodimen.. a 

..ecodc applied to the surface of .b. single 
„ plurality of decmnles in an ' '^'J^lion ntay have an 

'lecrode. The elecuode anay devKeoHhe p^^^^^ 
opUo»-el««ically cnduCtvcgc LacwMtthe 
adhesive layer .o inwe.se the erac.»ey of decweal conu 
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. The pfcsenl inveouon 

„ deschbed .bov.. combined «.* '^'^ „ esophageal .ube 

. used for gastric dccomprcss.on. Wh U ^^^^^ „ „^g„.„c 

0 irncn-. iuguiar vein «i.H a ^-^J^^ ^ „ervc Ic^ -.e .ength of 
«. -.d is i»an.a.c,y ^ However. a.so i.e in 

LveininUKn«:lcofhun,ans.muac<«^a 

cose p^mhU., k. *c v,^ "^^ «eM for ^^^^ 

,ae,»y suited for*cloc«.c»ofc«h^e^o^ ^^^^^^^^ „ 

„ Oie vagus ne-ve. By access.ng he .«h« ^^^^^^^ ^ 

,e.^i„ment for a necK inc...on .o '"^^ ^ ^^^g^, e.ecodes may be 
surgicri isolation of .he vagus nerve. ^ „„ipo,ar neural 

-trrrerf.rrJ'::..^.-"^ 

« ■'-^^^r:rr.onfu.erpro^ 

„.«*«.ric tube eiecuode ^^I^ : Xb.c cCUr .00. which 

,™to.«che- 0, nasogastric ^^^^l^ ^,,„^«>i^ t*"-" 
„.y be. but is no. limiUsd .o. a balloon des.g^ an 

„ :------r:^rra.w::-co..ar.oon.^^^^ 

The electnxk '~'"'^„uh*e interior lining of the .«cbe.. The 

.ee.ec.rode ^^^^ ^JJ^, ^.n^:-- a n«a„s of ^^r^^ 
elecliode nwans 1003 is eiec ' ^-^^ „«ans lOOS. 
e^cpulse.004a«.amolti^hanne.c«»««^»^^ 

the ^''-^:;''Z^^'^^cr.^o. cootentplates -sing a 
only .» inn«.b.e "'^^^^'J^'t^. p^t inv«.Hon pn,viaes • 
balloon, umbrella. b»»« or basket el«tn^ 
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,008, aad therein s.id means .009 "-P"^"^^ ^J^, ^ ^poWcs 

blood vessel or other «n«om«al fi"*^ wsogasmc tube umbrelU 

electrode device, shown m F.B»re 9B. h« » ^^^^ 
„W. aod . pl»r.U.y of «d»..y d«po»b.e spok« lOM a ^^^^^ 
spoke, 1008 are able to move rad«,lly away f«.m «•» "B-" 
eo.^.heint.«»w-^o.d.«a..»^ 

. ISis co««ted to the pluraH.y of radially deposed spokes 

Msogasinc tube 1000 is conneoeo r composes a 

,008 by a p.un.nt, of conn«u„g mean. ^ , .poke 

U„.i„g wire 1012 pivoUiUy ioi«ed to the ^J^" 

^ «-«^cbea,or^L«a..^be.«»i^^J-^^^^^ 

,,.,.„,.si«oo^.--^^^^^^ ,,^.^.r .on 

,„dusedto««etorextendthecolW •« ^„d.eal or nasogastne 

When the surgeon ha, inserted the en ^^^^ ,^ 

,„belO.Oin.he.n«*e3«iiace«.o.hev.r»n«v^'J^'*^^^^^ 

-rrrrr..^ . 

3S a liquid. 
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The pirseni invemion also provides an endotncheal or nasoipistric 
tube 1000 as shown in Figure 9C This embodiment provides for opandable or 
rigid electrodes which .re svbstamially embedded within the tube maienal to 
avoid Kving tissue initation. The electrode means comprises a. least one, and 
prefe»bly . plurality of. electrodes 1003. each electrode 1003 elecu cally 
connected .oan«ans of supplying an electric pulse 1009 to the clec.rod« I0O3 
wherein the electrodes 1003 .re exposed to the exterior surface of the tube 1000 
»)j.cent the distal end of said mbc 1000. and wherein said means 100» comprises 
wires. The electrode means are elccnically independeot of each olber. 

A prefened embodimem of the expandable electrode means and 
the electrode exp»M«ng means wherein d>e electrode means is a basket catheter 
electrode with at least one expandable rib. In a preferred embodtment^he 
expandable rib or pluraUty of sueb ribs «c electrically conductive w«s. Thm 
wires are ptcferred with a thickness of between about 1/128 inch and 1/8 tncb 
most preferably between .bom 1/64 ».d l/l« inch, to anoOier preferred 
embodiment, the expandable nbs are electrically conductive stnps from about 
1/128 mch to about 1/4 mcb wide, most preferably from about 1/64 inch to about 
1/4 inch in yet another preferred embodiment the expuidable nbs are 
electrically «,n-«»ductive strips with ekclrodes dispersed Utereon. In a most 
preferred embodiment, the electrically conductive wire or strip is compr^ed of a 
proximal region, a cennal region and a distal region, whetdn the proximal legton 
,„d the central region form a f.m angle and the centmt region and the d.st.1 
region form a second angle Preferably the ftrtt and second angles are be^»een 
.bom 1« and about 180'. Most preferably, the f.rsi and .second angles are 
i between about 90* and about 120». 

Preferably, the ribs are between 1 and about 48 in number, more 
preferably between 2 and about 12 in mmiber. In a prefen«l embodiment, the 
length of the expanded electrode is between about 1 and ri»ut IS cm. More 
preferably, the length is between about 2 and about 6 cm. Tlie duimeler of the 
» c«heter before expansion i, fte diameter of the catheter shaft and is 0.5 mm to 
about 3 mm, most preferably I mm. 

In one embodiment of the present invention, the central region .s 
elcctricdiy exposed, ».d the proximal region and distal region are electncally 
insulated. In this embodim««, the length ofelectrically exposed central region is 
,5 between 0.1 cm and about 10 cm. most prefcmbly between 0.5 «.d about 5 cm. 
The means of applying an electrical «e prefereWy. but not limited to, wtres 

■Ml 
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electrically connected to the expandable ribs. The wires are eleclricaUy 
independent of one another, and pass through the shaft. The wires and are 
electrically connected to a mulii -channel electrical connection. 

5 Method of inducins asystole by vagal electro stimulation and CIA 
pharmaceutical composition treatment 

The present invention provides a method for the induction of 
cardiac asystole by the application of an electric pulse or field to the vagus nerve. 
The CIA pharmaceutical composition provides a background pharmaceutical 
10 state wherein the impact of vagal nerve stimulation is potentiated and heart will 
nol spontaneously escape from the electrically induced asystole. Throughout 
subsequent cardiac sorgeiy, the surgeon monitors the heart function and can 
selectively reinitiate the heart beat by means of a cardiac pacer device, slaved to 
the vagal nerve stimolator. This can also be pcrfonucd automatically if the heart 
1 5 beat fails to resume within a preset time period. 

The present invention, therefore, provides a method of inducing 
and prolonging asystole by implanting a catheter or tube expanding electrode into 
a blood vessel, trachea, or esophagus of a human or animal or by applying a 
cutaneous electrode. The electrodes arc positioned adjacent to the vagus nerve 
20 by the surgeon, and said elecUodes are connected lo the vagus nerve stimulator 
by means of multi-channel connectors and an output. At least one output from 
the stimulator is used, preferably two outputs, each connected to a separate 
electrode device. 

The surgeon adjusts the vagal nerve stimulator lo deliver a first 
25 unipolar or multipolar electric pulse to an implanted cutaneous electrode and the 
output of the heart is mooilored by the microprocessor. Random selection of 
electrodes is dicn followed by additional pulses until a maximum state of asystole 
is achieved. The CIA pharmaceutic composition that comprises an 
acetylcholinesterase inhibitor, a P-adrenogenic receptor blocker and a calcium 
30 channel blocker, is administered before or after the initial testing. An electric 
pulse of optimum amplitude and frequency is applied to the previously selected 
electrode combination and controlled imcrmittent asystole, with minimal or no 
escape, results. Once the surgical procedure is completed, or predetennined 
poim selected by the surgeon or preselected automatically by the vagus nerve 
35 stimulator, the heart is removed from asystole by a cardiac pacer means operated 
by the surgeon or by the vagus neive stimulator. 

30 
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The above description proviites certain prcfcfrcd embodiments of 
the device, and methods of the prrscnt invenUon. Howe«r. i< is understood that 
many modifications and additional embodiments can be routinely made m v,ew 
of the disclosure, and all such embodiments are intended to be encompassed 
within the spirii of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOU.OWS:- 

1 . A catheter device for delivering an electric pulse to a nen^e, comprising a distal 
region and a proximal region, said distal region having a plurality of electrically 
independent expandable electrodes and an electrode expanding means, said proximal 

5 region having an electrical connecting means for applying an electric pulse to the 
expandable electrodes. 

2. The catheter device of claim I. wherein the expandable electrodes arc 
longitudinally arranged. 

3. TTie calhctCT device of claim I. wherein the expandable electrodes are 
10 circumfercntially arranged. 

4. The catheter device of claim I, wherein the expandable electrodes arc spirally 

arranged. 

5. The catheter device of any one of claims I to 4, having from 2-24 electrodes. 

6. The catheter device of any one of the preceding claims, wherein each 
1 5 expandable electrode is an electrode selected from the group consisting of a wire, a 

basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

7. The catheter device of any one of the preceding claims, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 

20 and wherein when each electrode is expanded the proximal region and the central 
region form a first angle between about 1« and I8a>. and the central region and the 
distal region form a second angle of between about T and ISO". 

8. The catheter of claim 7. wherein the first and second angles are between 9<r and 
180°. 

25 9. The catheter device of claim 7 or 8. wherein each expandable electrode, when 
expanded, has a total length of between 1 ,0 and 15 cm. 

10. The catheter device of claim 7. 8 or 9, wherein the central region is between 
about 0.1 and 10 cm. 

11. The catheter device of any one of the preceding claims, wherein the catheter has 
30 a lumen, and the electrode expanding means comprises a rod disposed within said 

lumen, and wherein the rod has a distal end connected to the expandable electrodes so 
that the catheter fomis a sheath over the expandable electrodes and the rod. 

12. The catheter device of any one of claims I to 10. wherein the electrode 
expanding means comprises an inflatable balloon. 

35 13. The cametcr device of any one of claims I to 10. wherein the electrode 
expanding means comprises a metallic shape memory means. 
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14. The catheter device of any one of claims 1 to 6, wherein each expandable 
electrode, when expanded is at least one arcuate electrode. 

15. The catheter device of any one of the preceding claims, wherein the proximal 
end of the catheter has a handle and a hub, wherein the hub is connected to the means 

5 of applying an electric pulse to the expandable electrodes. 

16. The catheter device of claim 12, wherein the balloon has at least one ridge 
thereon to allow the passage of fluid thcrearound, and wherein at least one expandable 
electrode is attached to said ridge. 

17. An endotracheal tube electrode device comprising an endotracheal tube having 
10 an inflatable means of expanding an electrode, and a plurality of electrically 

independent electrodes thereon so that each electrode contacts the tracheal wall when 
the means of expanding an electrode is inflated, and wherein the electrodes have means 
for connection to an electrical pulsing means. 

18. The endotracheal tube electrode of claim 17, wherein the inflatable means of 
1 5 expanding an electrode is a collar or balloon. 

1 9- The endotracheal tube electrode of claim 1 8, wherein the balloon has a ridge and 
an electrode on said ridge so that the electrode contacts the tracheal wall when the 
collar is inflated. 

20. An endotracheal tube electrode device comprising an endotracheal tube having a 
20 plurality of electrically independent electrodes thereon, so that each electrode contacts 

the tracheal wall when expanded, and wherein the electrodes have means for 
connection to an electrical pulsing means. 

21 . The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are longitudinally arranged. 

25 22. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
arc circumferentially arranged. 

23. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are spirally arranged. 

. 24. The endotracheal tube electrode of any one of claims 20 to 23, having from 2 to 
30 12 electrodes. 

25. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode is an electrode selected from the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

35 26. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 
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and wherein when each electrode is expanded the proximal region and Ihc centra! 
region form a first angle between about I* and 180", and the central legion and the 
distal region fonn a second angle of between about Tand 180". 

27. The endotracheal tube electrode of claim 26, wherein the first and second angels 
5 are between about 90* and 1 80*. 

28. A nasogastric tube electrode comprising a nasogastric tube having an inflatable 
means of expanding a plurality of electrically independent expandable electrodes 
attached to an inflatable collar so that when the collar is inflated, the electrodes contact 
an inner surface of an esophagus, and a means of supplying an electric pulse to the 

10 electrodes. 

29. The nasogastric tube of claim 4 1 , whei^n the inflatable means of expanding the 
electrodes is a collar or balloon. 

30. The nasogastric tube electrode of claim 41, wherein the inflatable means has a 
ridge and an electrode on said ridge so that the electrode contacts the esophageal inner 

I S surface when the collar is inflated. 

31. An nasogastric tube electrode device comprising a nasogastric tube having a 
plurality of electrically independent expandable clectiode thereon, so that each 
electrode contacts a pharyngeal, esophageal, or gastric inner surface when the 
electrodes are expanded, and wherein the electrodes have means for connection to an 

20 electrical pulsing means. 

32. The nasogasuic tube electrode of claim 31, wherein the expandable electrodes 
arc longitudinally arranged. 

33. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are circumferentially arranged. 

25 34. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are spirally arranged. 

35. The nasogastric tube electrode of any one of claims 31 to 34, having from 2 to 
24 electrodes. 

36 The nasogastric tube electrode of any one of claims 31 to 35, wherein each 
expandable electrode is an electrode selected fro the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

37. The nasogastric tube electrode of any one of claims 3 1 to 36, wherein each 
expandable electrode comprise a proximal region, a central region and a distal region. 
35 and wherein when each electrode is expanded the proximal region and the central 
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region form a first angle between about 1^ and 180^ and the central region and the 
disto) region form a second angle of between about r and 180". 
38 The nasogastric tube electrode of claim 37, wherein the first and second angles 
arc between about 90** and ISO**. 
5 39. A catheter device substantially as any one embodiment herein described with 
reference to the accompanying Figures. 

40. An endotracheal tube electrode substantially as any one embodiment herein 
described with reference to the accompanying Figures. 

41. A nasogastric tube electrode substantially as any one embodiment herein 
1 0 described with reference to the accompanying Figures. 
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